Eight single-flow, continuous culture fermentors were used in Exp. 1 to study the effects of forage source on ruminaI bacterial N metabolism and carbohydrate digestion. Forages included alfalfa, cicer milkvetch, birdsfoot trefoil and sainfoin with respective CP concentrations of 26.0, 28.7, 26.3 and 20.0%. Each forage provided 100% of the substrate for microbial metabolism and supplied 2.6 g N/d. Ammonia-N, protein degradation and efficiency of ruminal bacterial protein synthesis were lowest (P < .05) for sainfoin. Protein degradation and efficiency of bacterial protein synthesis were higher (P < .05) for birdsfoot trefoil than for alfalfa. Effluent flow of amino acids was highest (P < .05) for sainfoin. Total nonstructural carbohydrate digestion tended to be highest for sainfoin and birdsfoot trefoil, whereas structural carbohydrate digestion was highest (P < .05) for alfalfa and cicer milkvetch. In Exp. 2, mixed diets were supplied to dual-flow, continuous culture fermentors with alfalfa, cicer milkvetch, birdsfoot trefoil and sainfoin contributing 85% of the total dietary CP. Each diet contained approximately 12.9% CP. Ammonia-N concentration in the effluent and CP degradation tended to be lowest with the sainfoin diet and highest with the birdsfoot trefoil diet. Effluent flow of amino acids tended to be highest with the cicer milkvetch diet and lowest with the alfalfa and birdsfoot trefoil diet. Total structural and nonstructural carbohydrate digestion was not different (P > .05) among forages. Results from these experiments indicate that bacterial degradation of protein was lower for sainfoin than for alfalfa. Birdsfoot trefoil and cicer milkvetch appear to be comparable to alfalfa with regard to metabolism of N and carbohydrates by ruminal bacteria.
problems associated with its use, including bloat and rapid ruminal protein degradation, that can result in N losses as urea. Cicer milkvetch, birdsfoot trefoil and sainfoin are legumes that do not produce bloat (Jones and Lyttleton, 1971) and have high nutritive value. Under appropriate agronomic conditions, these forages may be suitable substitutes for alfalfa.
Birdsfoot trefoil and sainfoin contain condensed tannins at levels of 1 to 3% of DM for birdsfoot trefoil and 5 to 7% of DM for sainfoin (John and Lancashire, 1981) . Tannins are widespread in the plant kingdom and appear to be beneficial to ruminants in some instances (Waghorn et al., 1987) . Condensed tannins reversibly complex with proteins by hydrogen bonds (Kumar and Singh, 1984) and hydrophobic interactions (Oh et al., 1980) . This 2071 J. Anita. Sci. 1988 Sci. .66:2071 Sci. -2083 reaction is pH-dependent; complexes are stable at pH 3,5 to 7.5 and dissociate at pH < 3.5 and > 8.5 (Jones and Mangan, 1977) . The value of tannins in ruminant nutrition would be to bind the protein and protect it from microbial degradation in the rumen without decreasing its intestinal digestion or amino acid absorption. The purpose of this study was to compare ruminal N metabolism and carbohydrate digestion of alfalfa, cicer milkvetch, birdsfoot trefoil and sainfoin using continuous culture techniques.
Materials and Methods
Continuous Culture System. The dual-flow, continuous culture system used was a modification of the system of Hoover et al. (1976) as described by Hannah et al. (1986) . In Exp. 1, due to filtering problems encountered with the total forage diets, filters and filtrate pumps were removed, and the system functioned as a single-flow continuous culture. Average volume of the eight fermentor flasks was 1,030 ml. Circulation of heated water through a coaxial heat exchanger attached to the head plate of each flask maintained temperature at 39~ Fermentors were purged continuously with N2 at a rate of 40 ml/min. Mineral-buffer solution (Weller and Pilgrim, 1974) , with urea added at .4 g/liter in Exp. 1 and .5 g/liter in Exp. 2, was infused at 1.04 and 1.72 ml/min, giving liquid dilution rates of .06/h and .10/h in Exp. 1 and 2, respectively. Mean solids retention times of 20 h were maintained in all fermentors in Exp. 2 by adjusting the ratio of the filtrate:overflow Fermentor inoculum was obtained from a ruminally cannulated Holstein cow and strained through two layers of cheesecloth. In Exp. 1, the cow was fed a diet consisting of 31% corn silage, 30% alfalfa pellets and 39% grain mix, on an as-fed basis, prior to and during the period of inoculum collection. In Exp. 2, the cow consumed 46% corn silage, 14% alfalfa pellets and 40% grain mix, on an as-fed basis. The grain mix in both experiments contained 36% ground corn, 25% rolled oats, 16% soybean meal, 10% beet pulp, 5% dried molasses and 8% of a mineral-vitamin mix (as-fed basis).
Experiment 1. The substrate for microbial metabolism in continuous culture was composed of 100% forage (samples collected in 1985) . Alfalfa, cicer milkvetch, birdsfoot trefoil and sainfoin hays were separately ground through a 2-ram screen and pelleted (6 mm diameter x 10 mm long) to facilitate automatic feeding. Alfalfa, cicer milkvetch, birdsfoot trefoil and sainfoin pellets were supplied to the fermentors to attain isonitrogenous intakes at 2.6 g N/d. Alfalfa, cicer milkvetch, birdsfoot trefoil and sainfoin were fed at rates of 63, 57, 62 and 82 g DM/d, respectively. Sample Analyses. Fermentor operation and sampling were as described by Crawford et al. (1980) . Each experiment consisted of two 8-d experimental periods, including a 5-d stabilization phase followed by 3 d of sampling. Effluent collection vessels were maintained in a 2~ water bath to retard microbial growth. The effluent was homogenized with a Brinkmann Polytron 6 (in Exp. 2, solid and liquid effluents were combined) and a 600-ml sample was removed daily during the sampling period. Daily samples from each fermentor were composited and a portion was lyophilized for each period. All analyses were conducted on composite samples. Fresh composite samples were used for analysis of N, NH3-N and VFA. Lyophilized samples were ground through a 1-mm screen and used for all other analyses.
Bacteria were harvested from total fermentor contents on the final day of each period by straining through two layers of cheesecloth. Strained contents were centrifuged at 1,000 x g for 10 rain to remove feed residue. Bacteria were separated from the supernatant fluid by centrifuging at 20,000 • g for 20 min and lyophilized.
Ammonia-N was determined by steam distillation (Bremner and Keeney, 1965) . Volatile fatty acid concentrations were analyzed using a Hewlett-Packard 5880A gas chromatograph 7 with aCarbopack C/.3% Carbowax 20M/.1% H3PO 4 VFA column 8. Samples were prepared for analysis by the method of Erwin et al. (1961) . Nitrogen contents of diets, effluent and bacteria were determined by the macro-Kjeldahl procedure (AOAC, 1975) . Fiber composition was determined by the detergent system, using the sequential analysis scheme of Van Soest and Robertson (1980) . Cellulose was calculated as the difference between the residue from the permanganate lignin determination and ash. Total nonstructural carbohydrate (TNC) was determined as described by Smith (1969) modified to use ferricyanide as a colorimetric indicator. Diaminopimelic acid (DAPA) concentrations in the effluent and bacterial cells were determined by the procedure of Czerkawski (1974) . Diet and effluent samples were prepared for amino acid analysis using a modified procedure of Moore et al. (1958) . Amino acid concentrations were determined using a Beckman Full Automatic 763 amino acid analyzer 9 . bMeasured on wilted samples of forage.
Tannin contents in Exp. 2 were determined on frozen samples of wilted forage using the vanillin-hydrochloric acid method (Burns, 1963) modified by extracting the forages in 1% HC1 in methanol for 3 h at 1~ Effluent DM was determined by lyophilizing 500-g samples of homogenized effluent. Lyophilized samples were weighed and ground through a 1-mm screen. One-gram samples of the lyophilized effluents were weighed and dried at 105~ overnight and absolute DM was determined. Dried samples were ashed at 550~ for 12 h in a muffle furnace to determine OM content. Dry matter digestibility was calculated as described by Crawford et al. (1980) , except that corrections were made for loss of buffer salt occurring during lyophilization. Contribution of bacterial DM was determined using DAPA as a bacterial marker.
Two banks of four fermentors were used in each of two periods in both experiments. One bank of four fermentors (representing a block) was removed from period two of Exp. 1 due to a malfunction in the heating mechanism. Each forage was replicated three times. In Exp. 2, there were four replications per treatment. Data were analyzed using the GLM procedure of SAS (1979) for a randomized complete block design in both experiments. Duncan's multiple range test (Duncan, 1955 ) was used to compare treatment means.
Dacron Bag Studies. Dacron polyester 1~ bags with an average pore size of 50/am measuring 6 x 10 cm were prepared in a manner similar to Crawford et al. (1978) . Half-gram samples of each diet in Exp. 1 and 2 were ground through a l-ram screen, placed into bags and tied with silk thread. Bags were tied to nylon cords that averaged 50 cm in length and were weighted at one end. Bags were suspended in the rumen of a cannulated dairy cow on two consecutive days, providing duplicate analysis. In Exp. 1, the cow was fed 40% corn silage, 40% grain mix and 20% alfalfa hay. In Exp. 2, the cow was offered 51% corn silage, 13% alfalfa pellets and 36% grain mix. Four bags were removed from the tureen at intervals of 0, 2, 4, 8, 12, 16 and 24 h. After removal from the tureen, bags were washed with water and squeezed until the runoff from the bags was clear. Dacron bags then were dried for 48 h at 65~ Nitrogen in the remaining contents of each bag was deter i mined by the macro-Kjeldahl procedure (AOAC, 1975) . In Exp. 1, additional samples removed at 0, 4, 8, 16, 32 and 64 h were rinsed and frozen and the residues subsequently were analyzed for NDF and ADF by the procedure of Van Soest and Robinson (1980) . Dry matter, N and fiber disappearance of diets from Dacron bags were expressed as a percentage of the original component weighed into the bags. In situ data were statistically analayzed by analysis of variance (Steel and Torrie, 1980) , and Duncan's multiple range test (Duncan, i955) was used to compare treatment means.
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Results and Discussion
Experiment I. Data on N metabolism of the four legumes by ruminal bacteria are presented in Table 3 , Crude protein degradation determined in continuous culture was 51.3, 61.1, 70.7 and 39.6% for alfalfa, cicer milkvetch, birdsfoot trefoil and sainfoin, respectively. Using the in situ technique, civer milkvetch and birdsfoot trefoil CP appeared to be more rapidly degraded than alfalfa and sainfoin (Figure 1) . In situ degradation values were calculated using the equation of Mathers and Miller (1981) and assuming a rate of passage of .04/h. The relationship among forages was similar between the in situ and continuous culture studies. Higher protein degradation was associated with birdsfoot trefoil and cieer milkvetch and lower with sainfoin. These results agree with those of Kraiem (1985) , who showed ruminal protein degradation of sainfoin to be lower than that of alfalfa and birdsfoot trefoil. Other investigators also have observed a lower protein degradation for sainfoin than for alfalfa (Jensen et al., 1968; Thomson et al., 1971; Jones and Mangan, 1977) . Resistance of sainfoin to ruminal microbial degradation has been attributed to the presence of condensed tannins, which bind with proteins in the ruminal environment (Egan and Ulyatt, 1980) . Crude protein degradation of cicer milkvetch and birdsfoot trefoil has been found to be comparable to, or greater than, alfalfa (Loosli et al., 1950; Johnston et al., 1971; Townsend et al., (1978) . In contrast, John and Lancashire (1981) , Barry and Manley (1984) and Waghorn et al. (1987) found that the presence of condensed tannins in birdsfoot trefoil reduced ruminal protein degradation. Tannin levels in birdsfoot trefoil increase with forage maturity (Gutek et al., 1974) . Because forages used in the current study were early bloom, tannin may not have been sufficiently high to elicit a response.
Ammonia-N concentrations in the effluent ranged from 4.1 to 58.0 mg/100 ml for sainfoin and cicer milkvetch, respectively. Efficient utilization of NH3-N by luminal microbes requires a concomitant supply of available energy (Stern and Hoover, 1979) . The lower NH3-N concentration observed with sainfoin may be due to cumulative effects of its lower CP degradation and higher nonstructural carbohydrate intake (37 to 54% higher for sainfoin compared to the other forages). Kraiem (1985) found ruminal NH3-N levels of bstandard error of the treatment mean.
c'd'eMeans in the same row without a common letter in their superscripts differ (P < .05).
fTruly digested OM = apparently digested OM + bacterial OM.
14 mg/100 ml in steers fed alfalfa and birdsfoot trefoil vs 5 mg/100 ml in steers fed sainfoin. Bacterial N in the effluent and efficiency of synthesis were affected (P < .05) by forage source in the current study. Values ranged from 820 to 1,291 mg/d and 32.0 to 46.2 g N/kg OM truly digested, respectively. Efficiency values are higher than an average value of 27.0 reported by Stern and Hoover (1979) but are within the range they observed. The ability of sainfoin to maintain a relatively high bacterial N output (1,101 rag/d) and a low efficiency of synthesis (32.0 g N/kg OM truly digested) was probably due to the greater amount of OM supplied to the fermentation. The greatest (P < .05) dietary N flow was associated with sainfoin, which was more than twice that for birdsfoot trefoil. Amino acid flow from the fermentors is shown in Table 4 . Total amino acid flow was higher (P < .05) with sainfoin than with the other forages. Individual amino acid flows were consistently highest with sainfoin and tended to be lowest with cicer milkvetch. Waghorn et al. (1987) found that dietary amino acid flow from the rumen of sheep consuming birdsfoot trefoil was 78.3% of intake. They also showed an increase in the essential amino acid (EAA):nonessential amino acid (NEAA) ratio between the feed and the abomasum. This was attributed to the effect of tannins in the birdsfoot trefoil. In the current study, birdsfoot trefoil and cicer milkvetch showed decreases in the EAA:NEAA ratio due to the fermentation (data not shown). In contrast, with sainfoin and alfalfa, the EAA:NEAA ratio in the effluent exceeded that in the forage (data not shown).
Total VFA concentration (Table 5 ) was affected by treatment (P < .05), with values ranging from 113.7 for alfalfa to 181.2 mM for sainfoin. Because forages were supplied to attain equal N intakes, VFA also were calculated as mmol/g DM intake. When expressed in this manner, VFA production associated with alfalfa and sainfoin was not different (P > .05); however, production was higher for cicer milkvetch and birdsfoot trefoil fermentations than for alfalfa. Acetate (mol/100 mol) was highest (P < .05) for alfalfa and lowest (P < .05) for birdsfoot trefoil; conversely, birdsfoot trefoil had the highest propionate concentration and alfalfa the lowest. Total propionate production was calculated to be 36.6 and 22.7 mmol/d for birdsfoot trefoil and alfalfa, respectively. This is consistent with the higher effluent bacterial N observed ( Kraiem (1985) found apparent digestion of OM in the rumen to be somewhat higher for sainfoin than for alfalfa and birdsfoot trefoil. Our alfalfa was slightly more mature at the time of cutting; this may account for its lower digestion. Lower OM digestion observed with alfalfa is consistent with lower VFA production (mmol/g DM intake) shown in Table 5 .
In general, TNC digestion was lower and structural carbohydrate (NDF and ADF)was higher for alfalfa and cicer milkvetch compared with birdsfoot trefoil and sainfoin. Six grams of sainfoin TNC were digested per day compared with 4.0 g/d for birdsfoot trefoil, 2.6 g/d for alfalfa and 2.4 g/d for cicer milkvetch (data not shown). There were no differences (P > .05) in cellulose digestion, with values'ranging from 62.8 to 66.6%. Singh and Arora (1980) suggested that tannins depress microbial degradation of True digestibility was corrected for bacterial matter.
d'eMeans in the same row without a common letter in their superscripts differ (P < .05). cellulose. In this study, the tannins present in birdsfoot trefoil and sainfoin and the low NH3-N levels observed with sainfoin appeared to have no effect on cellulose degradation. Kraiem (1985) found no difference in OM, hemicellulose and cellulose digestion among alfalfa, birdsfoot trefoil and sainfoin.
In situ DM degradation was lower (P < .05) for alfalfa than for the other forages (Figure 2) . Disappearance of NDF and cellulose did not appear to differ in situ (data not shown).
Experiment 2. Relative differences in N metabolism among forages when provided as a component of a mixed diet were similar to those observed in Exp. 1, in which forages were the sole nutrient source. Crude protein degradation of the alfalfa, cicer milkvetch, birdsfoot trefoil and sainfoin diets was 59.5, 59.3, 67.4 and 42.7%, respectively (Table 7) . However, in situ CP degradation, calculated by the equation of Mathers and Miller (1981) , was not consistent with these observations. Ammonia-N concentrations ranged from 4.0 to 14.9 mgtl00 ml and were lower than in Exp. 1, possibly due to higher TNC levels and longer solids retention time. The concentration of NH 3-N in the effluent was lowest (P < .05) for the sainfoin diet, which is similar to observations in Exp. 1. Flows of total N and non-NH3-N were different among treatments (P < .05), ranging from 1,894 to 2,070 mg/d and 1,702 to 1,886 rag/d, respectively. Cicer milkvetch had the highest flow of non-NH 3-N, which could be attributed partially to a higher flow of bacterial N. However, bacterial CP synthesis and efficiency of synthesis were not different (P > .05) among treatments. The sainfoin diet tended to have lower CP synthesis and greater dietary N flow compared with the other diets.
Total amino acid flow tended to be highest with the cicer milkvetch diet (Table 8) . Flow of total amino acids for the sainfoin diet was not different (P > .05) from the cicer milkvetch diet. Flow of total amino acids was lower (P < .05) for the alfalfa and birdsfoot trefoil diets than for the cicer milkvetch diet. Higher amino acid flows relative to intake were found with the cicer milkvetch, birdsfoot trefoil and sainfoin diets, whereas amino acid flow for the alfalfa diet was similar to amino acid intake (data not shown). Total VFA concentration (Table 9) was not different among treatments (P > .05). Acetate (mol/100 mol) was highest (P < .05) with the alfalfa and birdsfoot trefoil diets, whereas propionate was highest with the cicer milkvetch and sainfoin diets. Butyrate concentrations were not different (P > .05) among dietary treatments. Isoacid concentrations were lowest for the sainfoin and cicer milkvetch diets.
True DM and OM digestion (Table 10 ) ranged from 43.0 to 48.1% and 46.1 to 51.3%, respectively, and was not affected (P > .05) by forage source. This is consistent with the previous observation that showed no difference in total VFA concentration among treatments. Total nonstructural carbohydrate, NDF and ADF also were not affected (P > .05) by forage source. Cellulose digestion was lowest (P < .05) for the diet containing cicer milkvetch. This diet contained a greater concentration of solka floc (Table 2) , which may be a less rapidly degraded source of cellulose (Bas, personal communication).
In summary, forage source had a marked effect on N metabolism and carbohydrate digestion in Exp. 1. Protein degradation was higher for birdsfoot trefoil and lower for sainfoin compared with alfalfa, whereas cicer milkvetch was not different from alfalfa. Because bacterial N flow was not depressed with sainfoin, the higher flow of amino acids with sainfoin was due to its resistance to microbial degradation. True DM and OM digestion was highest for cicer milkvetch and birdsfoot trefoil. Highest TNC digestion was found with birdsfoot trefoil and sainfoin, whereas NDF and ADF digestion was greatest with alfalfa and cicer milkvetch. Cellulose digestion was not affected by forage source.
In Exp. 2, CP degradation was highest for the birdsfoot trefoil diet and lowest for the sainfoin diet. Dry matter, OM, TNC, NDF and ADF digestion were not different among diets. Cellulose digestion was lowest for the cicer milkvetch diet, probably due to the sotka floc component of the diet. aEach value is the mean of four fermentations.
bstandard error of the treatment mean.
c'd'eMeans in the same row without a common letter in their superscripts differ (P < .05). aEach value is the mean of four fermentations.
CTrue digestibility was corrected for bacterial matter.
d'eMeans in the same row without a common letter in their superscripts differ (P < .05).
With regard to ruminal microbial metabolism, birdsfoot trefoil and cicer milkvetch can replace alfalfa effectively. Further research is needed to determine the availability of sainfoin protein postruminally and to study the kinetics of the tannin-protein interaction throughout the digestive tract in order to determine the role of tannins in the digestion process.
